yielded a significant improvement of dye photooxidation compared to that of the H 2 O 2 oxidation alone. H 2 O 2 can be activated on the CNTs surface to generate hydroxyl free radicals. The CNTs is an electron-transfer catalyst. The catalytic decomposition of H 2 O 2 by CNTs involves the exchange of a surface hydroxyl group on CNTs surface with a hydrogen peroxide anion (HO 2 − ) to on the surface, which then decomposes another generate peroxide H 2 O 2 molecule producing oxygen and regenerating the CNTs active site (9) (10) (11) . Recently, CNTs have attracted great interest as a new type of catalyst for removing environmental pollutants (12, 13) . The statistical methods are invaluable not only in the analysis of experimental data, but also in designing and optimizing experiments. The experimental design is usually used to describe the stages of (14): 1. Identifying the factors which may affect the result of an experiment. 2. Designing the experiment so that the effects of uncontrolled factors are minimized. 3 . Using statistical analysis to separate and evaluate the effects of the different factors involved.
Aims of the study:
In this study, MWCNTs particles were characterized by SEM, TEM and FT-IR. The reaction kinetic was studied. The effects of operational factor such as pH, catalyst amount and H 2 O 2 concentration were studied using a 2 3 full factorial design with two levels (low and high) and three factors in order to examine the main effects and the interactions between operational factors in the photocatalytic degradation of AR14.
Materials
The mono azo dye, AR14 was obtained from Alvan Sabet Company (Iran) and was used without further purification. The structure and characteristics of AR14 is shown in Table 1 .
The pH values were adjusted at desired level using dilute NaOH and H 2 SO 4 . MWCNTs (appearance: black powder, length: 5-15 µm, outer diameter: 15-40 nm, purity (carbon): ≥92%, density: 0.03-0.16 g cm -3 , and specific surface area (BET, N 2 ): 127 m 2 g -1 ) was received from Research Institute of Petroleum Industry (Iran). Other chemicals used in the paper were purchased from the Merck Company (Germany). Double distilled water was used for preparation of requisite solutions. Apparatus Fig.1 shows the schematic diagram of photoreactor which was used for photocatalytic decomposition of AR14. In this equipment, capacity 0.5 L with a mercury lamp Philips
15W
(UV-C) was used. UV/Vis Spectrophotometer, Jenway (6505) was employed to measure the absorbance using glass cells of path length 1 Cm. The morphologies of the catalyst were taken by 
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where C 0 and C are the concentration of dye (ppm) at t=0 and t (min), respectively. 
The characterization of MWCNTs particles

Results
- The TEM was used due to its ability to measure nanotubes diameter. From the TEM image it is possible to determine directly the diameter of one nanotubes and bundle diameter. Due to this information, a number of nanotubes in the bundle can be found. correspond to asymmetric and symmetric aliphatic C-H stretching, respectively. Bands at 1300-1000 cm -1 correspond to C-O and C-C stretching (15) . The UV-Vis spectra The absorbance of AR14 solutions during the process at initial and after 50 min irradiation time versus wavelength (λ) are shown in Fig. 5 . The spectrum of AR14 in the visible region exhibits a main band with a maximum at 514 nm. The decrease of absorption peaks of AR14 at λ max =514 nm in this figure indicates a rapid degradation of the azo dye. Complete discoloration of dye was observed after 50 min under optimal conditions. The classical mathematical treatment of a full factorial design In this study, the experimental design used is a two level and three factors (A, B and C). The design is called a 2 3 factorial design, which has 8 experiments. Using the (-and +) notation to represent the low and high levels of the factors; listed the eight experiments in the 2 3 design as in Table 3 . This is called the design matrix. The first column of Table 3 lists the experiment numbers (1) (2) (3) (4) (5) (6) (7) (8) . The next three columns list the abbreviated coded factor levels (-and +) for factors A, B and C. Table 4 gives a contrast constants for the 2 3 design. The first column of Table 4 gives a notation often used to describe the treatment combinations (TC), where the presence of the appropriate lower-case letter indicates that the factor is at the high level and its absence that the factor is at the low level. 
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Volume 7, Number 2, Spring 2018 model: the three two-factor interactions (AB, AC and BC), the one three-factor interactions (ABC). Finally, the last column of Table 4 lists the average responses (photodegradation efficiency (Y)) of the each experiment. In the classical factorial design literature, a factor effect is defined as the difference in average responses between the experiments carried out at the high level of the factor and the experiments carried out at the low level of the factor. Thus, in a 2 3 full factorial design, the main effect of A would be calculated by (Eq. The interactions effect can be calculated similarly. Therefore, the effect of each factor/interaction is listed in - To test for the significance of an effect, the MS is compared with the error mean square (EMS) or residual mean square (RMS). RMS values are listed in Table 7 . In Table 7 , columns (1) and (2) are the values of each experiment that are repeated. Column (3) is the sum of the values of columns (1) and (2) . RMS value is given by (Eq.5): (5) In order to test whether the difference between MS and RMS is significant, the calculated statistic F is given by (Eq.6):
----------------------------------------------------------------------------------------------------------------------------
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The critical value is F 1,8 =5.318 (P=0.05). If be F calculated >F critical , then the effect is significant. For example F (A) calculated is:
The results of ANOVA are listed in Table 8 . The regression model In a 2 3 factorial design, it is easy to express the results of the experiment in terms of a regression model. Because the 2 3 is just a factorial design, can be also use either an effects or a means model. A first order regression model is given by (Eq.7): and e are listed in Table 9 . Table 9 shows that H 2 O 2 concentration and interaction between pH×H 2 O 2 concentrations are the significant effects and that the underlying assumptions of the analysis are satisfied. The kinetic of photocatalytic degradation of dye Photocatalytic degradation reaction kinetic of dye completely correspond the kinetic of pseudo first order reaction model (16, 17) . In the kinetic equation of first order relationship between [dye] and time (t) is in (Eq.9):
The integral Eq.9 is in Eq.10: 
